The efficiency of utilization of the energy of 3 diets (chopped hay; pelleted, ground hay; pelleted mixture of 55% of ground hay and 45% of corn meal) was studied in metabolism and slaughter-chemical analysis experiments with 63 sheep. The hay used in the 3 diets was prepared from the same source. Each diet was fed at 3 levels during a 196-day period. Sheep of 2 ages were used; at the beginning of the feeding period, 18 were 8 months old and 27 were 20 months old. Nine animals of each age group were killed and analyzed to obtain reference body composition and energy measurements at the beginning of the feeding period. The gain in body energy represented the following percentages of the gross energy and metabolizable energy, respectively, ingested above the maintenance level: chopped hay, 15.1 and 31.0; pelleted, ground hay, 20.8 and 43.3; and pelleted corn-ground hay, 31.3 and 56.6. Although the degree of energy absorption was about the same for the 2 forms of hay, the heat increment for body gain and wool growth was 21.7% greater for the chopped hay than for the pelleted, finely ground hay. Sheep fed ad libitum ingested 28.4% more dry matter and 63.4% more of net energy for body gain as pelleted, ground hay than as chopped hay. The greater energy retention by sheep ingesting the pel leted, ground hay than by those fed chopped hay was 78.5% attributable to the greater intake of dry matter and 21.5% attributable to the greater nutritive effect per unit of feed ingested. No difference in the proportion of energy absorbed or in the net utilization of metabolizable energy was observed between the lambs and older wethers. The lambs were 65% more efficient converters of feed weight to body weight, but the energy concentration of the body gain was 56% greater in the older sheep.
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The purpose of the present experiment was to examine by means of the balancetrial and slaughter-chemical analysis meth ods the utilization of energy by sheep of 2 ages ingesting pelleted and unpelleted diets.
EXPERIMENTAL PROCEDURE
Animals. Sixty-three wethers were used in this experiment. These consisted of 36 western wethers of Rambouillet-Columbia origin about 20 months old (referred to as "older" animals) at the beginning of the experimental feeding period and 27 Suffolk-Shropshire-Hampshire cross-breds 8 months old (referred to as 'lambs"). During the 4-month period prior to the experiment, a timothy-hay ration was fed at levels intended to improve the uniform ity of body composition. During the last 2 months preceding the experimental feed ing period, the ration was fed at about the maintenance level and consisted of long hay from the same source as that fed dur ing the experimental period.
Just prior to the beginning of the experi mental feeding period, 9 animals selected at random from each age group were slaughtered and analyzed. Each of the remaining 27, 20-month and 18, 8-monthold sheep was allotted to one of the dietary treatments.
Design and dietary treatments. The experiment was of the factorial design involving 2 ages of sheep X 3 kinds of diet X 3 levels of feed intake. Thus, 3 older wethers and 2 lambs constituted each of the diet groups (9 intake levels).
The 3 diets were composed of: chopped hay; pelleted, finely ground (1.6-mm sieve) hay from the same harvest; and a pelleted mixture of 55% of the same finely ground hay and 45% of corn meal. Each diet was fed at 3 levels designated as follows: low (slightly above mainte nance); medium (intermediate between low and high); and high (ad libitum). The chopped and pelleted hay diets were fed in equal amounts of dry matter per unit of metabolic size (body weight^"4) at each of the low and medium levels of intake. Table 2 summarizes the mean daily intakes of dry matter, GE and pro tein per unit of metabolic size. Water, salt with trace elements, and dicalcium phosphate were available to the animals at all times.
General mechanics of experimentation. The feeding treatments were imposed for 196 days at the end of which the 45 sheep were slaughtered and the chemical com- For convenient mechanics, the animals were allotted to a given diet in groups of three on the same day that one sheep from the group in the same condition was slaughtered for a measurement of "initial" body composition. The beginning dates were arranged so that one group of 3 animals was begun on each of 3 con secutive days with 2 days intervening be tween the allotment of the next 3 groups on 3 consecutive days. Thus, 23 days were required for the allotment of the animals. The animals were slaughtered after the 196-day feeding period in the same order that they were begun. Just prior to allot ment to the experiment and just before slaughtering, all animals were closely shorn. The wool produced during the feed ing period was measured and its content of protein, ether extract and ash and its energy value were determined.
Each animal was housed in a metab olism unit with a floor area of one square meter, permitting considerable freedom of movement, the separate collection of feces and urine, and quantitative, individual feeding. The dry-matter content of the feeds offered and refused was determined daily throughout the 196-day period. Aliquots of both were analyzed for moisture, nitrogen, ether extract, ash and heat of combustion.
The performance of both of the lambs of the high-intake, pelleted corn-hay group was unsatisfactory.
One lamb developed masculine characteristics such as horns, a heavy neck and aggressiveness. Upon slaughter an active testicle was found in the abdominal cavity. It was suspected that the energy expense for maintenance was greater in this lamb than in its mates. The other lamb in this group had entered the experiment 67 days later than its rep licate mates as a replacement for an ani mal that died. Thus, this animal com pleted the 196-day feeding period 67 days later than its mates. This required expo sure to the high temperatures of July, August, and early September to which the animal's mates had not been exposed. Although the losses of energy in the feces, urine and methane were comparable to those of the older sheep, the utilization of absorbed energy was lower. As a con sequence, the data obtained for the 2 lambs were excluded from considerations involving the estimation of the energy requirements of maintenance and the utili zation of energy ingested above the main tenance level of intake.
Metabolism trials. Metabolism trials were conducted with each animal at 2 intervals during the 196-day period. The collection of feces and urine for the first trial was begun at the 40th day of the feeding period. In the second trial, ex creta collections were made during the last 10 days of the feeding period. During the 7-day period preceding the collection period and during the collection periods, the daily allowance of feed was constant for each animal. Aliquots of diets and feces were analyzed for moisture, nitrogen and heat of combustion as described pre viously (16) .
Slaughter and body composition analy ses. The methods of slaughtering, sam pling of body parts, preparation of samples and the analysis of body samples are described in previous reports (17, 18) . Wool was analyzed for protein, ether ex tract, ash and heat of combustion sepa rately from the remainder of the body (19) .
Estimation of gain in body energy. The gain in body energy during the feeding period was computed as the difference be tween the energy values of the body at the beginning and end of the experiment. The final energy value of the body of each animal was determined by direct analysis at the end of the feeding period. Initial energy values were estimated from the direct analysis of reference animals slaugh tered at the beginning of the experimental feeding period.
The conventional method of determin ing the initial energy value of the body is to average the analyses made of the reference animals, or to employ the energy value of one (or, at most, a few) animal as the initial energy value of one replicate of animals of similar history, size, and visually estimated condition.
In the present experiment the mean energy value of the ingesta-free body of the 9 reference lambs was 2,093 Â±298 kcal/kg and of the 9 older, reference sheep was 2,872 Â±421 kcal/kg. The mean en ergy values of the ingesta-free bodies of the sheep of the 2 reference groups were: lambs, 37.14 megcal, and the 20-monthold sheep, 100.04 megcal. The standard deviations of the means were 7.61 and 19.30 megcal, respectively.
Because of the magnitude of the varia tion, the energy value of the body was regressed on the weight of the ingesta-free body. The statistics, concerned with this relationship are summarized in table 3. This method was used to derive the initial body energy values because it reduced the coefficient of variation from 20.5 to 12.3% and from 19.3 to 14.2% for the 8-and 20-month-old sheep, respectively. Nevertheless, the error is still appreciable. As a consequence of such errors, the feed ing treatments imposed in most slaughteranalysis experiments must produce large gains of energy.
RESULTS AND DISCUSSION
The results of the 2 metabolism trials are summarized in table 4.
Fecal energy loss. The energy loss in the feces of sheep ingesting the pelleted corn meal-hay diet was significantly lower (P < 0.01) than that of the sheep receiv ing the chopped or pelleted hay diets. No difference in the fecal energy loss was observed between the chopped-hay and pelleted-hay treatments. In both trials the fecal energy loss as a percentage of the GE intake increased as the level of intake of the 2 pelleted diets increased. This relationship was mathematically signifi cant for the pelleted corn meal-hay diet in both trials (P < 0.01) and for the pel leted-hay diet only in the second trial (P < 0.05). The range of intakes of pelleted hay was considerably greater during the second trial than during the first trial and could account for the differences observed. On the other hand, the size of the fecal energy loss by sheep ingesting chopped hay was not related to the level of intake. In the first trial the mean losses of fecal energy by the older sheep and lambs were 38.5 and 36.2%, respectively, of the gross energy intake. In the second trial the re spective mean losses were 37.0 and 37.3% . Although the difference in the first trial was significant (P<0.01), no difference attributable to age was evident in the pooled data for both trials.
Urinary energy loss. The urinary en ergy loss expressed as a percentage of the GE intake was not different for the ani mals ingesting the chopped and pelleted hay diets. However, the energy output in the urine of sheep ingesting the pelleted corn meal-hay was lower (P < 0.01) than that of the animals fed the 2 hay diets. As the level of intake of all 3 diets in creased, the proportion of energy lost in the urine decreased. This effect was sig nificant in trial 1 (P < 0.05) and 2 (P < 0.01).
Metabolizable energy values. To com pute metabolizable energy (ME) values, the losses of methane were estimated by means of the equation proposed by Swift and French (20) which is based on di gestible dry-matter intake as the predictor. Both linear and second-degree polynomial equations were fitted to the relationship between the intakes of GE and ME for the 2 pelleted diets. These are summarized in table 5. Since the proportion of the GE ingested as chopped hay that was lost in the feces was the same at all levels of in take, only the linear equation was com puted for the data obtained with the chopped hay diet.
Although the standard errors of esti mate are not much different for linear and curvilinear equations, some refine ment in the prediction of ME at the ex treme intakes of GE of the 2 pelleted diets is effected by the curvilinear equations.
Relationships between body energy gain and the gross and metabolizable energy in takes. The regression of body (including wool) energy gain on the GE and ME in takes of the 3 diets resulted in the data summarized in table 6. Polynomial equa tions fitted to the data did not reduce sig nificantly the error variance.
The energy value of the body gain rep resented the following percentages of the ME of the 3 diets ingested: chopped hay, 31; pelleted, finely ground hay, 43; and pelleted corn-ground hay, 57.
Metabolizable energy requirement for maintenance.
The equations in table 6 were used to compute the quantities of ME required just to maintain energy equi- librium (namely, the maintenance requireNet utilization of GE and ME for body ment in terms of ME). For the 3 diets, gain. The extent to which the energy inthese amounts (kcal/body weights/day) gested above the maintenance level was were: chopped hay, 91.5; pelleted, ground utilized for the combined functions of body hay, 86.7; and pelleted corn-ground hay, gain and wool growth was computed by 82.4. Using only the positive energy bal-dividing the amount of energy retained by ance data obtained in respiratory exchange the amount of energy ingested above the and C-N balance experiments conducted level required for energy equilibrium, by Blaxter and Graham (21), the present These coefficients for GE and ME are sumauthors computed the maintenance requiremarized by diet, age-of-sheep and level-ofments for ME of sheep ingesting a hay in intake groups in table 7. As would be exlong form and a pelleted, finely ground pected in view of the small energy gain, hay. These values were 95.8 and 88.9 the variation in the utilization of energy kcal / body weight^34 / day, respectively, by sheep on the lowest level of energy inMarston (22) reported an ME requirement take was large. However, at the medium of 86 kcal/body weightÂ°J34/day for sheep and high levels of intake the variation was ingesting a pelleted diet of crushed wheat, small. cane molasses, and finely ground alfalfa
The GE and ME of the chopped-hay diet hay. Thus, the data obtained in the prÃ¨s-were utilized significantly less efficiently ent study are of similar magnitude to those (P < 0.01 ) at all levels of intake than the determined by respiration calorimetry and GE and ME of either the pelleted hay or the C-N balance method.
the pelleted corn-ground hay diet. Also, the GE and ME of the pelleted corn-ground hay diet were utilized significantly more efficiently (P < 0.01) than the GE and ME of the pelleted, ground hay diet.
The utilization of the GE and ME in gested above the maintenance level was not different (P = 0.05) for sheep of the 2 age groups or for the 3 levels of intake. Disregarding the data for the high level of the pelleted corn-hay diet, for which the values obtained with lambs were un satisfactory, the net utilization of the GE as an average for the remaining 8-level diet groups was 21 and 22% for the lambs and older sheep, respectively. The mean net utilization of ME by the lambs and older sheep was 41 and 43% , respectively. The complete energy balances determined by SchÃ¼rch (23) in sheep ranging from 6 to 15 months and from 3 to 4 years of age also indicate that age has very little, if any, effect on the net utilization of ME by sheep within the range of ages studied.
Physical nature of diet and heat incre ment. The heat increment values shown in table 8 are expressed as percentages of the ME. These represent the difference between 100% of ME and the percentage of the ME retained. Because of the small energy gains on the low level of intake, the data obtained for this level are more vari able and not as reliable as those obtained at the medium and high levels of intake. Within diet, the heat increments were simi lar at the medium and high intakes. On the average, the heat increment value of the chopped-hay diet for body gain and wool growth was 22% greater than that of the pelleted, ground hay diet. The heat increment value of the pelleted hay diet was 31% higher than that of the pelleted corn-ground hay diet.
These observations for the 2 forms of hay diet confirm those made by Blaxter and Graham (24) in respiration calori metrie experiments. Although they found that sheep ingesting pelleted, finely ground hay retained a greater proportion of ME than did sheep ingesting the same hay in chopped form, the proportion of dietary GE lost in the feces was greater for the pelleted hay than for the chopped hay. Because of the heat increment compensat ing for the fecal energy loss, the net utili zation of the GE was the same for the 2 forms of hay. With respect to fecal energy losses, the results of the present study are different from those of Blaxter and Graham (24) . However, the effect of physical form of the diet on digestibility has not been unifrom one study to another. Although the mesh size of sieves used to grind rations is usually specified, this is not a good index of the spectrum of particle sizes.
Many experiments have demonstrated that physical form of the diet affects the nature of the end-products of ruminai di gestion. For example, the molar propor tions of acetic acid are lower and those of propionic acid are higher in the rum inai ingesta of sheep fed pelleted, ground hay than in the ingesta of sheep fed chopped or long hay (15) . If the volatile fatty acids are absorbed in approximately the same proportions in which they are produced in the rumen, it is expected that the matter absorbed from pelleted, ground hay would be more efficiently utilized for body gain than that absorbed from the same hay ingested in chopped or long form. This conclusion is predicated on the re sults of studies by Armstrong et al. (25) demonstrating that the heat increment of propionic acid is considerably lower than that of acetic acid when these fatty acids are metabolized for body gain.
On the other hand, in conventional calorimetrie measurements the heat pro duced in metabolism is not distinguishable from that produced by the muscular work of the gut. As a consequence, the com pensating greater loss of energy as heat by sheep ingesting long hay as observed by Blaxter and Graham (24) might be the result of long hay requiring greater mus cular work in digestion than pelleted, finely ground hay. If this is the case, the additional heat produced should be charged to digestive losses rather than to the heat increment.
Net energy value of tire diets. Net en ergy (NE) values for the combined func tions of body gain and wool growth were computed from the data obtained at the medium and high levels of intake, using the intake at energy equilibrium as the baseline. The mean values (megcal/100 kg dry matter) and standard deviations of the means are: chopped hay, 68.3 Â±3.6; pelleted, ground hay, 93.7 Â±5.1; and pel leted corn meal-hay diet, 134.5 Â±6.6. Thus, the mean NE value for body gain and concomitant wool growth was 37.1% greater for the hay ingested in pelleted, finely ground form than for the same hay fed in chopped form.
Based on the data obtained at the 2 higher levels of intake of the pelleted, ground hay and pelleted, corn meal-ground hay diets, the NE value of corn meal was estimated to be 196.9 megcal/100 kg of dry matter.
It is known that the NE value of some diets diminishes as the level of intake in creases. By means of the equations in tables 5 (polynomials) and 6 (concerning ME), the NE values of the diets used in the present studies were computed for several intake levels using energy equi librium as the baseline. At intakes of dry matter equivalent to 2 and 3 times the maintenance intake the respective NE val ues were: chopped hay, 68.3 and 68.3; pelleted, ground hay, 90.8 and 86.0; and pelleted corn meal-hay, 142.2 and 133.8.
The lower NE values of the 2 pelleted diets at the 3 times maintenance level of intake is traceable to the reduction in digestibil ity effected by level of intake.
Effect of physical form on intake and nutritive value. Per unit of metabolic size the dry-matter intakes (g) per day under ad libitum feeding were: chopped hay, 68.0; pelleted, ground hay, 87.3; and pel leted corn-ground hay, 76.9. Although the dry matter intake was 28.4% greater with the pelleted hay than with the chopped hay, the NE intake was 63.4% greater for the pelleted hay. The difference between the energy gains for the 2 hay diets was par titioned as follows: 78.5% due to the greater intake and 21.5% due to the greater nutritive value per unit of weight of the pelleted, ground hay diet.
Body weight gain and amount of feed required per unit of body weight gain. The responses of animals to the ingestion of diets are commonly expressed in terms of body weight gain per unit of time and the quantity of feed required per unit gain in weight. Both criteria have short-com ings. For example, the apparent body weight gain in ruminants can be greatly affected by the amount of ingesta in the gastrointestinal tract and it can vary greatly in chemical composition. Efficiency of feed utilization expressed in terms of feed required per unit of gain is markedly affected by the amount of feed ingested above the level required for maintenance.
It has been demonstrated in many ex periments that the ad libitum feeding of a diet in pelleted form results in a greater rate of body gain and a lower feed require ment per unit of gain than that of a diet in unpelleted form. The results of 2 ear lier studies (5, 9) , in which no difference was observed in the rate of body gain or in the gain per unit of feed ingested when equal quantities of pelleted and unpel leted diets of the same composition were eaten, suggested that the increased rate of gain with pelleted diets is attributable solely to the higher intake.
As a part of the present studies, it was observed that the proportion of the total body weight constituted by the weight of the gastrointestinal contents is consider ably greater in sheep ingesting chopped hay than in those fed the 2 pelleted, finely ground diets. For example, an animal whose total body weight is 45.4 kg (100 pounds) would have the following ingestafree body weights (in kilograms) as a re sult of ingesting the following diets: 37.6, chopped hay; 39.5, pelleted, ground hay; and 40.4, pelleted mixture of corn meal and finely ground hay. The standard error of estimate attached to these means is of the order of 1 kg. Thus, it is possible that a difference in empty-body gain of 0.045 kg/day effected by the feeding treatments in an experiment of 60 days' duration could be entirely masked by the differ ence in weight of the gastrointestinal con tents.
If it is assumed that the weights of the gastrointestinal contents of the sheep used by Meyer et al. (9) were the same at the beginning of the 56-day feeding period, the gain in ingesta-free body of the sheep fed the pelleted hay could have been as much as 20 to 25% greater than that of the sheep fed chopped hay. Similarly, for the 79 pairs of sheep for which EsplÃ-net al. (5) summarized the data from 9 lab oratories, the difference in the emptybody gain of lambs fed pelleted, mixed diets could have been as much as 30% greater than that of the lambs fed the same amount of unpelleted feed.
On the other hand, in the present experi ment the rate of body weight gain was greater and the amount of feed required per unit of gain was lower for sheep in gesting the pelleted, ground hay diet than for those fed the same amount of chopped hay at each of the low and medium levels of intake (table 9) . (The responses to these 2 diets at the high intake level can not be compared because the amounts in gested are different.) Table 9 also shows that the quantity of feed required per unit of body weight gain decreased progres sively for all diets as the feed intake in creases. This is the result of the diminish ing proportion of the ration required for maintenance.
For all diets and levels of intake, the older sheep required 34.2 kg of feed/kg of body gain and the lambs needed 16.7 kg on the average. However, as shown in table 10, the energy value of the gain in lambs was markedly lower than that of the body Thus, although the lambs were more than 2 times as efficient as the older sheep in converting feed to body weight, the en ergetic efficiency of the sheep of the 2 age groups was the same (as explained earlier in this report).
Since the amount of feed required per unit of gain reaches a maximum near the maintenance level of intake, the data ob tained at the low level of intake are use less for the purpose of comparing the rates of feed conversion and the energy values of the body gain. Considering only the medium and high levels of intake, the lambs were 65% more efficient converters of feed to body weight than were the older sheep. On the other hand, the mean en ergy concentration of the body mass gained by the older sheep was 56% higher than that of the lambs at these 2 levels of in take.
The observations discussed above em phasize the significance of gastrointestinal fill and the composition of body gain in ex periments with ruminants in which body weight is the criterion of response. In addi tion, they demonstrate the inadequacy of body weight gain and feed required per unit of body weight gain as indices of en ergy storage.
